Tarja Pitkä nen (corresponding author) Ilkka T. Miettinen After heavy rains Campylobacter jejuni together with high counts of Escherichia coli, other coliforms and intestinal enterococci were detected from drinking water of a municipal distribution system in eastern Finland in August 2004. Three patients with a positive C. jejuni finding, who had drunk the contaminated water, were identified and interviewed. The pulsed-field gel electrophoresis (PFGE) genotypes from the patient samples were identical to some of the genotypes isolated from the water of the suspected contamination source. In addition, repetitive DNA element analysis (rep-PCR) revealed identical patterns of E. coli and other coliform isolates along the distribution line.
and in Canada, Campylobacter was the second most common pathogen in 24 waterborne disease outbreaks during 1974 -2001 (Schuster et al. 2005 . In Finland, Campylobacter has been the most common bacterial pathogen identified in waterborne disease outbreaks, being implicated in 11 incidents between 1998 and 2004 (Miettinen et al. 2005) . Drinking of undisinfected water was the leading factor increasing the risk of Campylobacter infection in a prospective case-control study conducted in Norway (Kapperud et al. 2003) . The faeces of livestock, domestic and wild animals, wild birds and poultry and also sewage effluents are the sources of Campylobacter in water environments (Jones 2001) . The high internal temperature of birds seems to make them especially good reservoirs for thermophilic campylobacters including C. jejuni (Waldenströ m et al. 2002) .
In waterborne disease outbreaks, Campylobacter has rarely been detected directly from a suspected source even though there is convincing epidemiological data for a strong association with drinking water (Hä nninen et al. 2003; Martin et al. 2006) . This is probably due to the long lag between exposure and the appearance of symptomatic patients and the decision to initiate microbiological studies to search for a source (Hä nninen et al. 2003) . Another reason may be that Campylobacter cells are still present in the water at the time of sampling but they have entered the viable but nonculturable state prior to laboratory analysis (Tholozan et al. 1999) . The international standard cultivation method for thermotolerant Campylobacter species from water is composed of concentration by membrane filtration and enrichment followed by cultivation on a selective medium in a microaerobic atmosphere (ISO 17995 2005) . The conventional cultivation procedure requires several days and faster methods using a detection based on PCR with and without the enrichment step and fluorescent in situ hybridization (FISH) have been developed for environmental samples including water (Waage et al. 1999; Moore et al. 2001; Moreno et al. 2003; Yang et al. 2003; Lehtola et al. 2006) . These advanced molecular detection tools have made it possible to partly overcome the loss of culturability and also to avoid the problems caused by interference of background growth.
The prevention of future waterborne outbreaks requires that the causes of past waterborne outbreaks are identified and eliminated. Various methods are available for microbial tracking of the faecal contamination source in water (Scott et al. 2002; Meays et al. 2004) . Different genotyping methods such as pulsed-field gel electrophoresis (PFGE) have been used to determine whether the Campylobacter isolates from patients and suspected water source possess identical DNA profiles indicative of a common source (Hä nninen et al. 2003) . Also methods of examining repetitive DNA sequences (rep-PCR) used for faecal indicator bacteria that are isolated from water can help to track the sources of microbial contamination (Dombek et al. 2000) . There are three groups of repetitive elements that are used in the applications of rep-PCR: repetitive extragenic palindromic (REP) sequence, enterobacterial repetitive intergenic consensus (ERIC) sequence, and BOX element (Rademaker et al. 1998) . In the microbial source tracking studies conducted, the use of the rep-PCR method with Escherichia coli isolates has been library dependent with the goal of differentiation between human and non-human sources when the analysis of a large collection of micro-organisms from different sources is required (Simpson et al. 2002; McLellan et al. 2003) . In addition to the PFGE and rep-PCR techniques, other molecular methods, such as amplified fragment length polymorphism (AFLP), and phenotypic methods including antibiotic resistance analysis are applied in microbial source tracking (Simpson et al. 2002; Leung et al. 2004) .
The present study outlines how a combination of an enrichment method (ISO 17995 2005) and PCR for detection of Campylobacter was applied to water samples in a case of municipal drinking water contamination. In addition, the use of different genotyping methods for establishing the association between drinking water contamination and Campylobacter infection in three patients as well as in source tracking are described.
METHODS

Drinking water contamination
Contamination of drinking water occurred in a rural municipality with a population of 5,100 in eastern Finland in August 2004. The drinking water used by the community was non-disinfected ground water distributed by the local municipal waterworks. Before distribution, the pH was adjusted and, if necessary, the water was stored in a large storage tower. Faecal contamination was detected on 3 August 2004 in routine water quality monitoring samples taken on the previous day, and chlorination of water was initiated immediately, just before midnight. Extended water sampling was started and a boil-water notice was issued to consumers early on 4 August. Noroviruses were analysed after concentration of a 1,000 ml water sample and extraction of the RNA by reverse transcriptase (RT)-PCR method as described elsewhere, except that the prefiltration step was not used (Kukkula et al. 1999) . Salmonella analyses were made from 1,000 ml sample volumes at Evira, Finnish Food Safety Authority, Kuopio Research Unit, Finland, using method NMKL 71 (Nordic Committee on Food Analysis 1999). 
Microbiological analysis of water samples
DNA fingerprints of bacterial indicators
The similarity of a total of 47 E. coli isolates and nine other coliform bacteria isolates from tap water sampling points sampled during the drinking water contamination and isolated at the KTL were analysed by rep-PCR genomic fingerprinting (Rademaker et al. 1998) . Repetitive BOX and ERIC elements were amplified employing two single primers, BOXA1R (Versalovic et al. 1994 ) and ERIC2 (Versalovic et al. 1991 
RESULTS
Faecal contamination of drinking water E. coli and coliform bacteria were found in routine water quality monitoring from a municipal drinking water distribution system in samples taken on 2 and 3 August 2004 from sampling points 1 and 4 (Table 1 ). In the earlier monitoring samplings of the distribution system, microbial contamination had not been detected. Raw water samples at the waterworks before the distribution taken on 3, 4 and 12 August were negative for the analysed faecal microbes.
A sample taken from the water tower on 3 August contained coliform bacteria 7 cfu 100 ml 21 , but in the resampling on 5 and 9 August coliforms were no longer detected.
During the week of 25 July to 1 August 2004, a considerable amount of precipitation occurred in the area (Figure 1) . Further on-site technical investigations revealed that during the previous cleaning and maintenance of the water storage tower, one of the two rainwater gutters had been left in an incorrect position with the consequence that the gutter channelled the rainwater from the roof directly into the drinking water in the water tower instead of into the rainwater drain. The roof of the water storage tower was almost fully carpeted with bird faeces that were leached by rainwater directly into the stored drinking water which was then distributed to the consumers.
In a subsequent analysis of samples taken on 4 August, C. jejuni together with E. coli, other coliform bacteria and intestinal enterococci were found in the distribution sampling points 2, 3 and 4 (Table 1) Approximately one week after the first detected signs of faecal contamination, on 10 and 12 August, there were still a few sporadic coliform bacteria and E. coli present in distant parts of the distribution line where there were low chlorine concentrations (below 0.5 mg l 21 ), but culturable
Campylobacter were no longer detected.
Patients
According to local reports, there was no local increase in from the rainwater well (except for a faint approx. 320kbsize band in rainwater well isolate) and all these were different from those of the patient isolates.
DNA fingerprints of indicator bacteria
Seven clusters in a total of 56 coliform isolates from the water samples were identified in the BOX and ERIC consensus tree (Figure 4 ). E. coli isolates were in clusters A, B and G and the other coliform isolates were in clusters C, D, E and F. The E. coli isolates in cluster A (Figure 4) were identified in all three distribution sampling points (2, 3 and 4). Also the three coliform isolates in cluster C originated from the sampling points 2, 3 and 4. The E. coli isolates in cluster G had identical ERIC patterns, but had a variable set of BOX patterns. In Finland, there is an obligatory notification and reporting system in place for suspected food-and waterborne disease outbreaks (Finnish Government 1994) . Normally, an alert arises when patients with gastrointestinal symptoms contact health care personnel and these contacts lead to investigations of sources of the infection and potential problems in drinking water treatment or distribution (Kuusi et al. 2004) . However, in this incident, the starting point was the opposite: the faecal contamination of tap water was detected first, during a conventional monitoring programme for drinking water quality. Only subsequently was it appreciated that patients had been infected via contaminated drinking water. In the waterworks of the municipality, the regular monitoring of the hygienic quality of drinking water is normally performed six times per year and the quality of the system had been in compliance with regulations.
DISCUSSION
C. jejuni, E. coli and intestinal enterococci were found from three different points of the distribution network and it is evident that the whole distribution system had been microbiologically contaminated. However, according to the local health care authorities, the number of patients with gastroenteric symptoms requiring medical care was not higher than normal. Our results suggest that, despite an existing notification system, a proportion of waterborne disease outbreaks is probably never detected. It is common that people do not always contact the medical health care system if the gastrointestinal symptoms are mild. In fact, most patients with C. jejuni infections do not require medical treatment other than maintenance of hydration and electrolyte balance (Allos 2001) . This might be the reason for the low number of sick people detected in the community in association with this abnormal drinking water contamination. A low number of patients may also indicate that successful corrective actions immediately after the contamination was detected may have prevented further infections.
One explanation may also be that the number of viable C. jejuni cells in drinking water was low. Our results revealed that faecal material from wild birds on the roof of the water tower was the source of the contamination.
However, it is likely that the number of C. jejuni in the faecal material had decreased when it was exposed to sunlight and desiccation in summer conditions before the rainy days, 25 July -2 August 2004.
In summer 2004, there were exceptionally many rainy days and local rainstorms and thundershowers in Finland (Venä lä inen et al. 2004) . In the studies from the United States and Canada, respectively, statistically significant associations between intense precipitation and waterborne disease outbreaks have been found (Curriero et al. 2001; Thomas et al. 2006) . In the municipality of our study the regular monitoring of drinking water quality was done exactly at the right time: shortly after a heavy rainfall. It is important that personnel of waterworks and public health authorities clearly recognize in their risk assessments that there may be an increased risk of microbiological contamination of drinking water after heavy rainfall and that the monitoring of drinking water quality in association with heavy downpours may detect faecal contamination and prevent waterborne disease outbreaks.
Several methods have been published for direct detection of Campylobacter species from water samples using PCR technology (Moore et al. 2001; Moreno et al. 2003; Yang et al. 2003) . In waterborne disease outbreaks, the number of 
Crows and gulls, which are common birds in eastern
Finland where the municipality reported in this paper is located, seem to have high Campylobacter incidence rates (Kapperud & Rosef 1983; Broman et al. 2002) .
Our results confirm the conclusions of Rademaker et al.
(1998)that rep-PCR fingerprinting is well suited for the rapid analysis of large numbers of E. coli and coliform isolates. In our study, the E. coli isolates in cluster G (Figure 4 ) had identical ERIC patterns, but had a variable set of BOX patterns, suggesting that BOX fingerprinting is more discriminatory than ERIC fingerprinting. However, our work outlined the use of rep-PCR within one contamination incident and consequently our dataset consisted of only 56 coliform isolates all originating from the same system. In previously reported analyses using rep-PCR, a large pattern library is used, as the goal of studies has been to discriminate between different possible host sources (Dombek et al. 2000; Carson et al. 2003; McLellan et al. 2003; Leung et al. 2004) . In our work, we did not aim to distinguish between possible hosts, since direct faecal samples from the suspected wild birds were not available. Instead, we found that rep-PCR analysis was useful in evaluating whether isolates from different parts of the drinking water distribution network and from different sampling times may have one common origin. The advantage of this approach is that rep-PCR can be applied without requiring a large library of analysed isolates, even though an existing library would allow further interpretation of the results.
In conclusion, rainfall had leached faecal material from wild birds into municipal drinking water as the consequence of a maintenance failure on the roof of the water storage tower. This led to a massive faecal contamination of the stored drinking water and subsequently the municipal drinking water distribution system. Our results suggest that it is important to undertake microbiological sampling after heavy rains since this may prevent major waterborne outbreaks. Molecular techniques applied in this study for revealing the contamination route and association of patient isolates with water contamination appeared to be very useful tools in the epidemiological analysis.
